A LTHOUGH GASTRIC CAN- cer has declined in incidence from being the second most frequent cancer in 1990 to the fourth, behind lung, breast, and colorectal cancers, gastric cancer still remains the second most common cause of cancer-related deaths worldwide. 1, 2 Surgery is the only curative treatment for gastric cancer. Fortunately, results have improved over the years, not only in the high-risk area of East Asia but also in Europe. Efforts to increase rates of early diagnosis, nationwide surveillance programs that detect higher proportions of less advanced tumors, advances in surgical and adjuvant treatments, and changes in tumor biology may all contribute to improved outcomes. [3] [4] [5] [6] [7] [8] [9] [10] Although the optimal management strategy for gastric cancer remains controversial, curative resection with D2 lymphadenectomy is the standard treatment option in Asia and some European countries, regardless of survival benefit. [11] [12] [13] However, the quality of surgical treatment for gastric cancer cannot be strictly controlled, and surgical skill or experience is at least partly responsible for improved outcomes, although other factors also play a role. 4, 14, 15 For this reason, a surgeon's experience and subspecialty may affect the long-term prognosis for his or her patients with gastric cancer. [16] [17] [18] [19] [20] To better understand the factors that contribute to the improvements in long-term surgical outcome for patients with gastric cancer, we reviewed surgical outcomes during 2 decades at a single institution and evaluated whether surgical subspecialty affected prognosis. 
METHODS

PATIENTS
SURGERY AND PATHOLOGICAL EXAMINATION
The surgical procedures were performed by several attending faculty surgeons or surgical fellows under faculty supervision. Thirteen surgeons operated on patients in the early group, and 4 surgeons operated on patients in the late group. Surgery was considered curative when the resection margins were clear, there was no evidence of macroscopic disease at the end of surgery, and the intention at the procedural outset was to cure. 21 Total or partial (proximal or distal subtotal) gastrectomy was performed according to the location and clinical stage of the tumor. Clinicopathological variables were classified according to the criteria of the Japanese Gastric Cancer Association. 22 Lymph node dissection was classified as follows: D1, complete removal of group 1 lymph nodes alone, and D2, complete removal of group 1 and 2 lymph nodes. Histological findings were grossly divided into differentiated (papillary and tubular adenocarcinoma) and undifferentiated (poorly differentiated adenocarcinoma, signet ring cell carcinoma, mucinous carcinoma, and miscellaneous) types. Final pathological staging was assessed according to TNM/International Union Against Cancer classification criteria.
21
SURGICAL SUBSPECIALTY
Surgeons with a surgical subspecialty or major surgical interest in gastric cancer included surgeons who were members of the Korean Gastric Cancer Association (formerly the Korean Gastric Cancer Study Group) and the International Gastric Cancer Association, and who identified themselves as primarily gastric surgeons during the study period, specializing in gastric cancer and performing at least 50 gastrectomies a year. There were 13 surgeons in total involved in this study, and 3 of these surgeons identified themselves as having a surgical subspecialty for gastric cancer.
STATISTICAL ANALYSIS
All statistical analyses were performed with SAS statistical software, version 9.1 for Windows (SAS Institute Inc, Cary, North Carolina). Comparisons between the groups were based on the patients' clinicopathological characteristics and were performed with either a 2 test or Fisher exact test for discrete data and with independent 2-sample t tests or Wilcoxon rank sum tests for continuous variables. Survival analysis was performed by the Kaplan-Meier method. The log-rank test was used for comparison of survival functions. The Cox proportional hazards model was used to calculate hazard ratios and 95% confidence intervals for the independent factors of long-term survival. Two-sided P values were reported in this study and were considered significant if less than .05. Table 1 gives an overview of the surgical treatments for gastric cancer during the past 20 years. The patients in the late group (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) were older on average than the patients in the early group (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) ; P Ͻ .001). There were no significant differences in sex distribution between the 2 groups (P =.48). The overall resectability rate improved from 88.3% during the early years to 92.0% during the late years (P = .001). In addition, the incidence of curative gastrectomy increased from 83.1% to 87.8% during the study period (PϽ .001).
RESULTS
PATIENT DEMOGRAPHICS AND RESECTABILITY
CLINICOPATHOLOGICAL CHARACTERISTICS OF CURATIVELY RESECTED TUMORS
As seen in Table 2 , there was a significant increase over time in the proportion of proximal tumors (P=.02). During the late period, tumors were predominantly differentiated (53.3%), whereas undifferentiated tumors constituted more thanhalf(54.5%)ofthetumorsintheearlyperiod(PϽ.001). The average tumor size was smaller during the late period (PϽ.001), and the proportion of T1 tumors (early gastric cancers) in the late period (42.8%) was higher than that in the early period (27.6%). In contrast, the incidence of advanced cancers belonging to other T stages (advanced gastriccancers)decreased(PϽ.001)duringthelateperiod.Similar to the T stage, the proportion of N0 stage lesions increased over time (P=.004), and accordingly, the overall stages improved and stage I lesions constituted more than half (51.1%) the lesions during the late period.
SURGICAL TREATMENT FACTORS FOR PATIENTS UNDERGOING CURATIVE RESECTION
For all patients who underwent subtotal or total gastrectomy, the incidence of total gastrectomy increased rapidly up to 29.4% during the late period (P Ͻ .001) ( 
KAPLAN-MEIER METHOD FOR COMPARING SURVIVAL DISTRIBUTIONS IN PATIENTS WITH CURATIVE RESECTION
The Kaplan-Meier survival analysis showed the mean survival time for the early and late groups to be 8.2 and 7.8 years, respectively. Table 4 shows the 5-year survival rates for the 2 groups after curative resection and the results of the logrank test for comparison of the survival distributions. Regardless of the tumor stage, the 5-year overall survival rate was 66.1% for patients in the early period and 76.6% in the late period (PϽ.001). When subgroup analysis was performed for each tumor stage, significant improvement with respect to survival distribution occurred in stages I (PϽ.001), III (P=.001), and IV (P=.003), whereas the survival distributions between the groups were not significantly different for stage II (P=.99).
COX PROPORTIONAL HAZARDS REGRESSION MODEL FOR SURVIVAL OF PATIENTS UNDERGOING CURATIVE RESECTION
A univariate Cox proportional hazards regression model with a single variable identified the following significant factors influencing the survival of patients who underwent curative resection, except in the cases in which the tumors involved the entire stomach: the period of study (PϽ.001; Figure 1 ), age (PϽ.001), sex (P=.008), tumor location (P = .01), differentiation (P Ͻ .001), tumor size (P Ͻ.001), type of resection (P Ͻ .001), extent Figure 2) , and TNM stage (P Ͻ.001).
With these variables as independent prognostic factors, the Cox proportional hazards regression model was used. Age (PϽ.001), sex (P=.002), tumor location (lower third vs upper third; P=.03), type of resection (PϽ.001), and stage (PϽ.001) were all independent prognostic factors ( Table 5) . It is of interest that the interaction effect (P=.009) between the period of study (P = .26) and the surgical subspecialty (P=.39) was significant even though the individual variables did not contribute significantly to the model. This significant interaction effect indicates that improvement in survival was related to the subspecialty of the operating surgeon during the late period of the study much more than the other combinations (period of study and surgical subspecialty).
COMMENT
During the past 20 years, the nature of gastric cancer has changed. Some of these changes are beneficial to patients, while others are not. Nevertheless, many surgical approaches to the treatment of gastric cancer have been improved through vigorous research and education.
Most studies on the surgical outcomes for gastric cancer indicate time-related improvements. Improvements in short-term surgical results, mainly of postoperative morbidity and mortality, have been attributed to improvements in surgical quality resulting from specialized interest and training. [4] [5] [6] 19 With regard to long-term outcomes, early diagnosis followed by changes in the proportion of gastric cancer stages has clearly contributed to improvement in patient survival rates. 3, 5, 7, 9 Despite the increasing incidence of gastric cancer in Korea, mortality due to gastric cancer is decreasing. 23 This is a result of advanced surgical techniques, multidisciplinary approaches including chemotherapy, and molecularly targeted therapy for advanced gastric cancer. 24 In addition, the Korean government initiated a national cancer screening program in 1999 that provides free screening for gastric cancers to those older than 40 years on a biannual basis. This program may be leading to earlier detection of gastric cancers. 25 However, it is difficult to delineate exactly which treatment factors are most clearly related to survival gains. Almost no data are available with regard to the surgical point of view, and analyzing all treatment factors is extremely important for patient treatment and the development of the best surgical strategies.
Compared with treatments for other solid abdominal tumors, surgery for gastric cancer consists of 2 distinctive parts: curative gastrectomy and thorough lymphadenectomy. The outcomes of these elements are largely Abbreviations: CI, confidence interval; D2, complete removal of group 1 and group 2 lymph nodes; HR, hazard ratio.
a Reference conditions are indicated in boldface type.
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Surgical resection of the stomach is the only known curative therapy for gastric cancer. Our results demonstrate gradual increases in resectability and curability over time, while also showing that procedures not related to promoting survival or managing symptoms, such as open and closed and noncurative resections, decreased over time. Because resectability does not always lead to cure, outcomes may be affected by factors related to clinician competence, such as clinical judgment and performance of the optimal surgical procedure. These are prerequisites for high-quality care in surgical oncology.
There is some controversy regarding the importance of extended lymphadenectomy for the treatment of gastric cancer. Some view lymphadenectomy as a staging tool, while others view it as a therapeutic modality. Chew et al 26 reported that extended lymphadenectomy offered a survival benefit for patients with gastric cancer when performed by well-trained, experienced surgeons. The thoroughness of lymphadenectomy, regarded as the main factor related to surgical quality control for gastric cancer, has also been debated. 4, 5, 11, 12, 18, 27, 28 The extent of lymphadenectomy, the number of retrieved lymph nodes, surgical subspecialty, and surgical experience all affect the thoroughness of lymphadenectomy. Although there was no increase in the proportion of D2 dissections between the 2 consecutive periods in this study, the time-related increase in the number of retrieved lymph nodes suggests that surgeons have improved during the past 2 decades and are now equipped with sufficient techniques and knowledge to perform integral lymphadenectomies. We believe that there was no increase in the extent of lymphadenectomy in the recorded D2 dissections during the early period because the operating surgeons themselves could not achieve a sufficient quality of D2 dissection as designated by the recent guidelines for modern gastric cancer surgery. 13 Together with the changing epidemiology of proximally located tumors, 3, 5, 6 more total gastrectomies now achieve an R0 resection. As reported earlier, 29 data for most clinicopathological variables, such as differentiation, size, and stage of the tumor, but not location of the tumor, have changed over time, resulting in improved prognoses for patients with gastric cancer.
These results support our hypothesis that a greater number of total gastrectomies were performed in the late period because predominantly subspecialist surgeons were performing the procedures. Furthermore, more lymph nodes were harvested, even within the subspecialist group, between the early and late periods, and overall curability also increased over time. Therefore, the quality of medical service delivered to patients by subspecialist surgeons in the late period was better than that for the patients treated during the early period. This is most likely because of improved clinician competence leading to more appropriate treatment decisions.
Considering long-term prognosis, most studies report a worldwide increase in 5-year survival rates for gastric cancer, most likely owing to increases in the proportion of patients whose gastric cancer is detected early and who then undergo curative resection. 3, 5, 7, 9, 10 In the present study, to eliminate the stage and curability effects, which are confounding factors when attempting to uncover surgical variables affecting survival, we performed stage-stratified survival analysis only for curative cases. The results of the current study demonstrate periodic survival gains in all stages except stage II; we could not determine why only stage II demonstrated no survival benefit after subgroup analysis. One possible explanation is that the management of stage II gastric cancer has always been a late treatment consideration because this stage has an acceptable oncologic prognosis after surgery alone. As a result, physicians have been ambiguous in their attitude toward the development of preoperative and postoperative therapeutic modalities for cancers of this stage. Therefore, we suggest that this is the time to concentrate effort on this stage to attain improvement in long-term outcomes.
We observed a significant interaction between the period of study and surgical subspecialty on long-term prognosis. These results indicate that there were intangible factors influencing surgical outcomes. Douek and Taylor 30 reported that the most important components of high-quality care in surgical oncology are sound clinical judgment, surgical skill, and multidisciplinary care; we believe that these prerequisites are best achieved by specialization. In addition to Douek and Taylor's criteria, we would stress the importance of surgeon experience, not only operative experience but also observational management through long-term patient followup, as well as an interest or at least willingness to learn and research the latest knowledge in the field of oncology. We did not analyze the use of adjuvant chemotherapy because, during our study periods, we used various methods with heterogeneous groups and with various chemotherapeutic regimens. Therefore, evaluation of survival including analysis of adjuvant chemotherapy may complicate the interpretation of our study. We believe that the most important point with regard to adjuvant chemotherapy is that some patients with gastric cancer will respond more favorably to adjuvant chemotherapy than others. It is our assertion that experienced subspecialty surgeons can make better decisions about patient selection for adjuvant chemotherapy. Because a controlled trial comparing the outcomes of specialist-vs nonspecialist-performed operations is not practically feasible, the confounding factor of chemotherapy still implies a connection to the surgeon as a prognostic factor, as has been suggested by other researchers. 4, 16 During the past 2 decades, management of gastric cancer has achieved noticeable success; the primary reason for these improvements rests with specialized gastric surgeons, together with favorable trends in prognostic factors. Therefore, increased recruitment and training of gastric subspecialists may be one way to improve longterm results for gastric cancer.
